I. INTRODUCTION

C
URRENT transport and noise properties in highYBa Cu O (YBCO) Josephson junctions were studied extensively in recent years. The complicated nature of the grain boundary structures, particularly bicrystal junctions, is manifested in excess noise and linewidth broadening of Josephson oscillations. Another important issue is the -wave symmetry of the superconducting order parameter in YBCO [1] . Current transport in bicrystal Josephson junctions fabricated of -wave superconductors depends on the misorientation angle between main crystallographic axes and normal to the boundary. If quasiparticles experience the opposite signs of the -wave order parameter before and after scattering (including Andreev scattering), zero energy Andreev bound states originate [2] . Recently, it has been pointed out, that zero energy bound states result in zero voltage conductance peak on the -curve of YBCO bicrystal junctions [2] , [3] . Suppression of the -wave order parameter in the vicinity of the bicrystal boundary in those junctions results in formation of the bound states at nonzero energies [3] . All bound states contribute to the current transport and modify the noise characteristics of the junctions [3] - [7] . Because of the high values of and critical frequency ( is critical current) the bicrystal junctions are promising candidates for applications, e.g., SQUID's at K or sub-mm wave receivers at -K. Our recent measurements of 12 and 33 symmetric bicrystal YBCO Josephson junctions demonstrate significant noise rise at mV [4] . A tunnel-like noise behavior well approximated by Schottky formula of shot noise spectral density at mV [5] . Low voltage noise rise is inherent in the junctions with multiple Andreev reflections: diffusive SNS-junctions and ballistic point contacts of isotropic -superconductors [7] - [9] . Recently it has been calculated in junctions of -wave superconductors with a barrier transparency [6] . In this paper we present new results on noise measurements in bicrystal YBCO junctions within wide range of bias voltages. We discuss the peculiarities of noise and differential resistance which have been experimentally observed in external magnetic and microwave fields.
II. EXPERIMENTAL
Bicrystal junctions were fabricated on symmetric sapphire bicrystal substrates with CeO buffer layer. 120 nm thick YBCO films were patterned into strips of m width and m length across the grain boundary together with logo-periodic antennas [4] . The -characteristics of the bicrystal junctions show -and up to 2.2 mV ( THz) at K (see Table I ). Noise power of the samples was measured by low noise cooled HEMT balanced amplifier within the frequency band of GHz and noise tem frequency range 0.3-300 kHz at K. Note, that the measurement frequency was much smaller than the gap one ( ), but higher than the cut-off frequency of Flicker noise. We chose the experimental samples with in order to match the impedance of the HEMT amplifier. That allows us to calculate the absolute quantities of noise power at 1-2 GHz band with the accuracy of 5%. The noise power vs. voltage dependences were measured simultaneously with -characteristics or differential resistance vs. voltage curves . At high frequencies the output signal (noise power) was obtained using quadratic detector connected to the circuit after the second-stage "room-temperature" amplifier. The spectral density of the noise current has been calculated taking into account the impedance mismatch factor. Noise temperature has been measured at K by means of substituting the junction by the 50 resistor. An error generated by this procedure is less than 5%. In order to improve impedance matching to the HEMT amplifier and reduce the external noise two-point measurements were performed with low inductive leads of about 0.1 serial resistance.
At low frequencies (kHz band) we measured noise voltages . High impedance of the low frequency amplifier causes large mismatch between the junction and amplifier impedances and rather qualitatively results can be obtained. Measurements were carried out in the -metal microwave-shielded room. We used fast current sweeping to measure and Shapiro steps.
III. RESULTS AND DISCUSSION Fig. 1 shows curves in the magnetic field Oe without (a) and under intensive microwave radiation at GHz (b). There are two broad minima at mV and mV of (a). However, they cannot be directly identified with zero bias conductance peaks. Note, that zero bias conductance peak can be washed out because of many reasons which we do not discuss in this paper. Shapes of both curves in Fig. 1 at mV are stable against the applied magnetic field Oe. However, singularities appear on the under the intensive microwave signal of at GHz. Fig. 2 demonstrates part of the curve at mV with 15 singularities observed in applied magnetic field corre- sponding to the second minimum of the critical current-condition of strong depression of Josephson effect. Such singularities could be speculatively attributed to a photon assisted tunneling [10] through bound states at nonzero energies , which may exist in the studied YBCO bicrystal Josephson junctions [3] . Theory predicts RF-induced singularities in curves at , where is integer. The distance between two neighbor peaks (or minima) decreases with increase of their numbers and tends to a doubled value typical for photon assisted tunneling . The deviation of from V ( GHz) vs. bias voltage is shown in the inset of Fig. 2 .
The typical -characteristic of the bicrystal Josephson junction is hysteretic at mV and current deficient at mV ( K) [4] . In order to investigate noise features in the bicrystal Josephson junctions at low bias voltages, where -characteristics exhibit hysteretic behavior we apply an external magnetic field. Typical -characteristic of one of the junctions in magnetic field corresponds to Resistive Shunted Junction (RSJ) model [11] (Fig. 3) . Moreover, the multiple oscillating dependences of the Shapiro steps amplitudes from the microwave power at can be well fitted by the RSJ model too. In magnetic fields singularities appear on curves that can be interpreted as Fiske steps [ Fig. 3 curve (a) ].
The magnetic field dependence of the critical current shown in Fig. 4 has no minimum at , that is common for all the investigated bicrystal junctions. Note, that the position of the first Fiske step in voltage, , is 1.3 times larger than of the others , -. This fact can be explained by resonance with logo-periodic antenna, although, we have not observed any resonant logo-periodic structure on in the magnetic fields including . These resonances may cause a deviation of from value. Fiske steps can be also observed in Josephson junctions with small damping such as SIS tunnel junctions [12] . Therefore, we assume that tunneling is a dominant mechanism of the current flow in the tested YBCO bicrystal junctions. However, in the studied bicrystal junctions -m ( is area of the junction) corresponds to the averaged transparency of the tunnel barrier . Experimental dependences of and noise power in two frequency ranges at mV is shown on Fig. 5 . The dependence of low frequency noise voltage that shown in Fig. 5 [curve (c)] is asymmetric, although all other ones are symmetric. Such asymmetry is repeatable in the experiment. However, we have no reasonable explanation for this asymmetry. Meanwhile, Schottky shot noise formula [5] , [8] fits the experimental curves at mV. Note, that , or of all the examined samples do not demonstrate singularities associated with sub-gap structure [9] . Assuming the tunneling process through nonzero energy bound states , one can explain also the tunnel-like behavior of shot noise at high bias voltages. Fig. 6 shows an effective transferred charge (noise/current ratio) extracted from data presented in Fig. 5 . Note, that in magnetic fields the noise peak at low voltages is shifted to smaller volt- ages. It is also about 10 times narrower than the one obtained at in the junction with anhysteretic -curves. Fig. 7 presents dependence without magnetic field so, no Fiske steps originate on the -curve. The maximum of the transferred charge is located close to , whereas the peaks of differential resistance occur at 60 V for negative voltage bias and 150 V for positive one.
IV. CONCLUSION
In conclusion, we have experimentally demonstrated new data on current transport and noise emission process in YBCO bicrystal Josephson junctions.
Observed features can be attributed to Andreev bound states and resulted in singularities on differential resistance and significant noise rise at low bias voltages. The experimentally observed tunnel-like behavior of shot noise at high voltages can be explained by tunnel mechanism of the current transport. It seems, that noise rise at low voltages can be decreased hardly even in symmetric bicrystal junctions. It may be possible to achieve relatively low noise for THz frequency applications using bias voltages above 2 mV, where shot noise dominates as it is in SIS tunnel junctions. However, in low frequency applications, particularly in SQUID's, the experimentally observed high values of product propose use of noisy highJosephson junctions rather than junctions fabricated from conventional low-temperature superconductors.
